This study aimed to determine the microbial diversity of different soil depths (0-5 and 5-20 cm) in a subtropical 16 orchard during different seasons (i.e., Spring, Summer and Autumn) for enrich the knowledgements on micorbes 17 roles in orchard ecosystem balance. In tracking experiments conducted in an orchard (established in 1996), the 18 phospholipid fatty acid (PLFA) biomarker method was employed to know soil microbial system. Total PLFAs 19 concentration did not vary significantly between soil depths but changed between seasons. It peaked in the 20 summer at 258.97 ± 23.48 g g -1 soil from 0-5 cm and at 270.99 ± 58.94 g g -1 soil from 5-20 cm. A total of 33 21 microbial fatty acid biomarkers were observed and identified in the sampled soil. Quantities of PLFAs for 29 22 microbe groups varied significantly between seasons, except for 15:0 iso 3OH, 15:1 iso G, 16:0 2OH, and 17:0 23 iso 3OH. The bacterial PLFAs and fungal and actinomycotic PLFAs in the orchard soil collected in Summer were 24 significantly higher than in the Spring or Autumn (P < 0.01). The number of soil microorganism species (Richness) 25 and the Simpson and Shannon-Wiener indexes were all the highest in summer. The total PLFAs, bacterial PLFAs, 26 fungal PLFAs, actinomycotic PLFAs, Richness, or the Simpson and Shannon-Wiener indexes were all 27 significantly negatively correlated with soil pH, total carbon (TOC), total nitrogen (TN) and cation-exchange 28 capacity (CEC) (P < 0.05).
Introduction
Materials and methods 6 anteiso, 16:0 iso, 16:1 ω5c, 17:0 anteiso, 17:0 cyclo, 17:0 iso, 17:0 iso 3OH, 17:1 ω8c, 18:0, 18:0 iso, 18:1 ω7c, 108 18:1 ω7c 11 methyl, 18:3 ω6c (6, 9, 12) , 19:0 cyclo ω8c, 19:0 iso, and 20:0 was used to indicate bacteria [23] .
109
The number of species (Richness), Simpson diversity, Shannon-Wiener diversity and Alatalo evenness were 110 used to calculate the ecological parameters of the microbial fatty acid biomarkers. The calculation equations are 111 expressed as follows:
112
The Simpson diversity index was calculated according to
Pi D (1) ;
113
The Shannon-Wiener diversity index was calculated according to
The Alatalo evenness index was calculated according to 
121
Simpson index, Shannon-Wiener index and Alatalo index) in different seasons. A two-way analysis was used to 122 establish significant differences in the total PLFA and individual PLFA variance between seasons and soil depths.
123
A Spearman coefficient analysis was used to measure the correlation between soil properties and microbial The soils could be classified as clay, thermal and Typic Hapludult [24] . Principle chemical properties of the soil 7 Acidic soil pH (0-5 cm: 4.46; 5-20 cm: 4.38) , total organic carbon (TOC) (0-5 cm: 12.32 g kg -1 ; 5-20 cm: 10.25 g 131 kg -1 ), total nitrogen (TN) (0-5 cm: 1.14 g kg -1 ; 5-20 cm: 0.86 g kg -1 ), and cation-exchange capacity (CEC) (0-5 cm: 132 4.95 cmol(+) kg -1 ; 5-20 cm: 5.34 cmol(+) kg -1 ) were the lowest in the Summer samples, with significant differences 133 (P ＜ 0.05). However, the exchangeable K + (0-5 cm: 141.79 g kg -1 ; 5-20 cm: 99.22 g kg -1 ) and Na + (0-5 cm: 134 30.67 g kg -1 ; 5-20 cm: 43.80 g kg -1 ) were significantly higher than in the other seasons. Furthermore, the ratio of 135 total organic carbon to total nitrogen (C/N ratio) in soil varied significantly between seasons, with the highest 136 value in the Spring (0-5 cm: 15.81; 5-20 cm: 12.85), the middle value in the Summer (0-5 cm: 10.76; 5-20 cm: 137 11.88), and the lowest value in the Autumn (0-5 cm: 5.90; 5-20 cm: 9.04) (P ＜ 0.05). No significant difference 138 was detected between seasons in exchangeable Mg 2+ or Ca 2+ (P ＞ 0.05).
139
No significant difference of pH, TOC, C/N ratio, CEC, exchangeable Mg 2+ or Ca 2+ was found between soil 140 depths. The total microbial PLFAs peaked in the Summer in both the 0-5 and 5-20 cm soil depths (0-5 cm: 258.97 g g -1 143 soil, P ＜ 0.01; 5-20 cm: 270.99 g g -1 soil, P ＜ 0.01). The results of the two-way analysis demonstrated that 144 the total microbial PLFAs were significantly different between seasons (P ＜ 0.001). The quantities of bacterial, 145 fungal and actinomycotic PLFAs in the orchard soil increased significantly in the Summer compared to those in 146 the Spring and Autumn in the 0-5 and 5-20 cm soil depths (P ＜ 0.01). In the 0-5 cm soil depth, the peak values 147 of bacterial PLFAs, fungal PLFAs and actinomycotic PLFAs were 216.05, 33.94 and 8.96 g g -1 soil, respectively.
148
For the 5-20 cm soil depth, bacterial PLFAs, fungal PLFAs and actinomycotic PLFAs summit to 230.00, 31.15 and 149 9.83 g g -1 soil, respectively (Table 3) . Microbial PLFAs contents (g g -1 soil) of different seasons sampled at 0-5 150 and 5-20 cm soil depths in orchard is shown in Table 4 . Two-way analysis of variance for the effects of seasons microorganism propagating well and maintaining a good balance in the Summer in the tested orchard soil system.
193
The results of our study are consistent with the results of Zhu et al. [14] in an evergreen broadleaf forest and 194 Qi et al. [15] in a bamboo grove in the subtropical climate zone. An investigation of an orchard [13], grassland [12] 195 and forest [17] in the temperate monsoon climate zone was reported similar trends. However, unlike our results, and P), enzyme activities and PLFAs in the Summer in southwestern Quebec, Canada. This difference is related 10 ( Table 1) . Liu et al. [18] also found the microbial dominance index and Shannon-Wiener index to be negatively 208 related to soil NH4 + -N and NO3 --N in an apple system by observation on different growing periods. However, in the 209 view of change by utilization, Yao et al. [6] illustrated microbial biomass C, basal respiration and total PLFA to be 210 highly correlated with organic C and TN on red soil orchard ecosystem. In some ecosystem soil microbes grew 211 rapidly with energy and nutrition consumption [25, 26] . It is clearly suggested that the propagation and growth of 212 soil microorganisms from Spring to Summer require energy from TOC and nutrition from N in an subtropical 213 orchard system. Microbes mainly act as "consumers" could be well documented.
214

Conclusions 215
In subtropical orchards, the temperature and humidity in the Summer are conducive to the growth of soil 216 microorganisms. PLFA analysis showed that the quantity of soil microbes in the soil samples collected in the .31 a TOC = total organic carbon, TN = total nitrogen, CEC = cation exchange capacity, C/N ratio = ratio of total organic 311 carbon to total nitrogen. Values followed by the same letter (s) in a low are not significantly different at P ＜ 0.05 312 using LSD post hoc tests. Case number is shown in parentheses Table 4  Table 5 326 Two-way analysis of variance for the effects of seasons (Spring, Summer, Autumn) and soil depths (0-5 cm, 5-20 327 cm) on microbial PLFAs contents 
335
total nitrogen, CEC = cation exchange capacity, C/N ratio = ratio of total organic carbon to total nitrogen. 
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